STUDY QUESTION: Did weight reduction in obese women scheduled for IVF increase cumulative live birth rate (CLBR) after 2 years? SUMMARY ANSWER: Weight loss prior to IVF did not increase CLBR.
Introduction
Obesity has been shown to have a compromising effect on both pregnancy and live birth rate for women undergoing ART, such as IVF (Maheshwari et al., 2007; Luke et al., 2011; Bellver et al., 2013; Petersen et al., 2013; Provost et al., 2016) . When compared with women with a normal BMI, obese women have an increased miscarriage rate and they require higher doses of gonadotrophins, illustrating an impaired response to ovarian stimulation (Fedorcsak et al., 2004; Metwally et al., 2008) . A weight loss of 5-10% in obese women has been demonstrated to be effective in normalizing menstruation, ovulation and spontaneous pregnancy rates (Norman et al., 2004) .
Earlier studies have shown that children born to obese women have a higher risk for childhood obesity (Olson et al., 2010; Ruager-Martin et al., 2010; Woo Baidal et al., 2016) , and obese children have a higher risk of adult adiposity, adult morbidity and premature mortality (Reilly et al., 2011) .
Until recently, only few studies (Moran et al., 2011; Sim et al., 2014; Becker et al., 2015) have investigated the effect of weight reduction in obese infertile women preceding infertility treatments. However, these trials were not powered for pregnancy or live birth. A large Dutch randomized controlled trial (RCT) found that life style interventions, preceding fertility treatment, had no effect on cumulative live birth rate (CLBR) after 24 months in infertile obese women, when including ongoing pregnancies that ended after the follow-up period. The mean weight loss in that study was modest, at 4.4 kg in the intervention group and 1.1 kg in the control group, a difference between the groups of 3.3 kg (Mutsaerts et al., 2016) . In our RCT where 317 obese women (BMI ≥30 and <35 kg/m 2 ) were randomized to weight reduction with a low calorie diet (880 kcal/day) for 12 weeks before IVF or to IVF-only, we found no significant difference in live birth rate between groups (Einarsson et al., 2017) although the mean weight change between the groups was substantially higher at 9.44 kg. Weight regain after obesity reduction treatment is common and well known. It is usually a challenge for the patient to maintain the new lower weight (Franz et al., 2007; Kraschnewski et al., 2010; Johansson et al., 2014) , even though some studies show that weight maintenance is possible (Vogels et al., 2007; Montesi et al., 2016) . Little is known about weight maintenance after weight reduction using a low calorie diet specifically preceding an IVF treatment.
The aim of this follow-up study was to evaluate if weight reduction in obese women scheduled for IVF increased the CLBR rates assessed as having at least one live birth during a period of 2 years after randomization and if the achieved weight reduction remained.
We also wanted to evaluate if a large weight loss in the women would affect the weight development of the children born in the index cycle, i.e. the cycle included in the RCT.
Materials and Methods
The present study was a 2-year follow-up of a prospective, multicentre, RCT, performed between 2010 and 2016 in the Nordic countries (Einarsson et al., 2017) . A total of 317 obese infertile women under 38 years of age were randomized to two groups: weight reduction and IVF or IVF-only. The weight reduction and IVF group started with 12 weeks of low calorie diet (880 kcal/day) and thereafter 2-5 weeks of re-introduction to solid foods before IVF. The IVF-only group started the IVF as soon as possible after randomization and was not given any dietary counselling. In the full analysis set (FAS) population (n = 305), there was no significant difference regarding live birth between the two groups: 29.6% (45/152) in the weight reduction and IVF group and 27.5% (42/153) in the IVF-only group, but the women in the intervention group had significantly more spontaneously conceived pregnancies.
Knowing the risk of weight regain, the women in the weight reduction and IVF group were offered complementary dietary counselling by the dietician for 1 year from randomization, to help them to maintain their achieved lower weight.
In the follow-up study, a questionnaire was sent, 2 years after randomization, to all patients in the FAS population. The follow-up was performed from 2012 to 2018. The questionnaire covered the current weight of the woman at 2 years after randomization and if she had any pregnancies or live births after the index cycle in the randomized trial. The questionnaire also covered general health, last measured weight and height of the children born in the RCT and data of the children born after the RCT (birth date, mode of conception). The follow-up questionnaire did not contain any questions concerning current or past diet.
The primary outcome was CLBR in the FAS population, defined as at least one child born alive, after infertility treatment or a spontaneous pregnancy, during the 2-year follow-up from randomization, and to assess if the weight reduction that was achieved remained at the 2-year follow-up. The time of 2 years made it possible to include frozen embryo transfers (FETs) from the index cycle and additional IVF or other fertility treatments performed during the follow-up period. Furthermore, the risk of patients not answering a questionnaire was anticipated to be low after a period of 2 years.
Secondary outcomes were ongoing pregnancies and a total number of fertility treatments. Data concerning the number of treatments were retrieved from patient records. Dietary-related measurements included weight change between last weight measured in the RCT and weight reported at the 2-year follow-up. A further secondary outcome was follow-up of the children born in the index cycle concerning general health, and weight and height measured at last visit at the Child Health Care Centre.
Statistics
The main analysis in the present study was performed on the FAS population. Twenty-nine women in the FAS population did not participate in the follow-up. Of these, six women in the weight reduction and IVF group and three women in the IVF-only group had achieved a live birth in the index cycle. Except for these births, we assumed that the women who did not participate in the follow-up had not succeeded in having a live birth.
The weights of the women with ongoing pregnancies at the time of the follow-up were excluded from the weight calculations. One woman (in the IVF-only group) answered the questionnaire during the postpartum period, while all other women had passed this period at time of follow-up. There are missing data concerning any additional IVF/FET performed at one Danish clinic, and we have assumed that these patients did not undergo any further treatments. There are also missing data concerning follow-up weight for children born in the index cycle and missing data concerning weight of some women at the followup. These patients were not included in the weight calculations. No imputations were performed.
Descriptive statistics are given by mean, SD, median, maximum and minimum for continuous variables and number and percentage for categorical variables. For comparison between the two randomized groups, Fisher's exact test was used (lowest 1-sided P-value multiplied by 2) for all dichotomous variables, the Mantel-Haenszel Chi Square test was used for ordered categorical variables, Chi Square test was used for non-ordered categorical variables and the Mann-Whitney U-test was used for continuous variables. The CI for dichotomous variables was the unconditional exact confidence limits. If no exact limits could be computed, the asymptotic Wald confidence limits with continuity correction was calculated instead. The CI for the mean difference between groups was based on Fisher's non-parametric permutation test. Weight standard deviation scores (SDS) were calculated according to Marsal et al. (1996) .
A P-value less than 0.05 or a 95% CI not including 1.0 was considered significant.
According to a post hoc power calculation, it was possible to detect a difference in cumulative live birth of 15% between groups, when 152 and 153 women were included in the two groups (α = 0.05, β = 0.20). Data were analyzed using SPSS version 22.0 (IBM Corp, Armonk, NY, USA).
Ethical approval
Research ethics committees in Sweden, Denmark and Iceland approved the trial. All participants provided written informed consent for the 2-year follow-up.
Results
From the FAS population, 90.5% (276/305) of the patients participated in the follow-up: 137/152 in the weight reduction and IVF group and 139/153 in the IVF-only group. The patient's characteristics were comparable in the two groups except for the termination of pregnancy, which was significantly higher in the IVF-only group (Table I) . Forty-two additional live births were achieved during the follow-up in the weight reduction and IVF group and 40 additional live births in the IVF-only group, giving a CLBR of 57.2% (87/152) and 53.6% (82/153), respectively (P = 0.56; odds ratio (OR) 1.16, 95% CI: 0.74-1.52).
In addition, one women in the intervention group had a second child, and a further 19 ongoing pregnancies were reported in the weight reduction and IVF group and 16 in the IVF-only group, including both first pregnancies and pregnancies after a previous live birth (Table II) . In total, in the weight reduction and IVF group and the IVF-only group, 63.8% (97/152) and 58.2% (89/153), respectively, achieved a live birth or first ongoing pregnancy (P = 0.34; OR 1.28, 95% CI: 0.8-2.01). The pregnancies achieved after the index cycle were the result of either new fresh IVF treatments, FET, spontaneous conceptions, egg donation or low-dose gonadotrophin treatment (Table II) .
In total, 214 IVF/ICSI fresh treatments were performed in the weight reduction and IVF group and 244 in the IVF-only group, and 70 and 74 FET cycles, respectively.
The majority of women in the weight reduction and IVF group had regained their pre-study weight after 2 years with a mean weight gain of 8.6 kg, while women in the IVF-only group had a mean weight loss of 1.2 kg, P < 0.0001 ( Fig. 1 ; Table III ). The opportunity for complementary dietary counselling by a dietician in the year after randomization was utilized by 48% of the patients (21%; 4-7 visits, 27%; 1-3 visits, 52%; no visits). In the weight reduction and IVF group, 23.3% (27/116) had a BMI <30 kg/m 2 at the 2-year follow-up, compared with 10.9% (13/119) in the IVF-only group (P = 0.019). However, the mean BMI did not differ between the groups at the 2-year follow-up (Table III) . At the 2-year follow-up, the weight SDS for the children born in the index cycle was 0.218 (1.329) (mean, SD) in the weight reduction and IVF group and −0.055 (1.271) (mean, SD) in the IVF-only group (P = 0.25; mean difference between groups, 0.327; 95% CI −0.272 to 0.932) ( Fig. 2 ; Table IV ). The children born in the index cycle were generally healthy at the 2-year follow-up. Adverse medical conditions were reported for four children in the weight reduction and IVF group, while in the IVF-only group, two children were affected.
Discussion
In this 2-year follow-up of a RCT, no significant difference in CLBR was observed between the weight reduction and IVF group compared with the IVF-only group. It also showed that most of the women in the weight reduction and IVF group had regained their pre-study weight. We found no difference in weight SDS development between children Our results are in line with the results of Mutsaerts et al., (2016) , where no difference in live birth rate was shown after a lifestyle intervention preceding infertility treatment, when including ongoing pregnancies that ended after the follow-up period. Mutsaerts discussed that a larger weight loss might have led to a higher live birth rate, and in our study, the difference in weight loss was almost three times as large, at 9.44 kg compared with 3.3 kg in the Dutch study. Despite this difference in weight loss, the CLBR in the present study did not differ significantly between groups, although the 95% CI for OR of CLBR indicated that clinical valuable differences between groups may exist.
Several studies have shown that it is common to regain lost weight after a low calorie diet (Franz et al., 2007; Kraschnewski et al., 2010; Johansson et al., 2014) . This was confirmed in our 2-year followup, where most women in the weight reduction and IVF group had regained the weight lost during the intervention. Our hypothesis before . the study was that the women in this highly motivated group of patients, performing IVF-treatments, might be able to keep the lower post-study weight in order to improve outcome. However, significantly more women in the weight reduction and IVF group had a BMI < 30 kg/m 2 at the 2-year follow-up: 23.3% (27/116) compared with 10.9% (13/119) the IVF-only group (P = 0.019).
It is well known that children born to obese women have a higher risk of childhood obesity (Olson et and that obese children have a higher risk of adult adiposity, adult morbidity and premature mortality (Reilly et al., 2011) . At the present 2-year follow-up, there was no significant difference between the groups in weight SDS of the children born in the index cycle, despite a considerable difference in maternal weight ( Fig. 2 ; Table IV ).
The strength of this follow-up study is the high participation rate of above 90%. Another strength is that the study is a follow-up of a RCT in a field that is quite difficult to explore. A limitation is that data are self-reported by questionnaires, yet a recently published study showed that bias in self-reported weight is negligible (Seijo et al., 2018) . It is a challenge to assess weight in this group of women. They might recently have given birth or are still pregnant at the time of assessment. We chose to exclude women with ongoing pregnancies when presenting data on the weights at the 2-year follow-up. No weight assessment was made during the follow-up time, and therefore, we have no data concerning when the women regained the lost weight, which is a limitation. Although 90.5% of the women in the RCT participated in the follow-up, it is obviously a limitation that not all women participated.
There is also some limitation in power to detect clinical differences in CLBR. One could argue that even a smaller difference in CLBR would be valuable for the patient. However, we believe that a rather large difference in CLBR is required to motivate young women to participate in a rather demanding trial, which this 2-year follow-up is based on. This statement is well supported by the randomization process in the main RCT, indicating a high decline rate. Thus, we consider the power in the present study as reasonable.
In conclusion, no significant difference in CLBR between the groups at the 2-year follow-up was observed. Most patients in the weight reduction and IVF group had regained the weight they lost during the weight reduction. There was no difference at the follow-up between the groups in weight SDS for the children born in the index cycle. The follow-up indicated that for women scheduled for IVF showing World Health Organization class I obesity (BMI ≥30 and < 35 kg/m 2 ), the weight reduction did not increase their chance of a live birth either in the index cycle or after 2 years. It also shows that even in this highly motivated group, a regain of pre-study weight occurred. 
